The one-pot synthesis of 14-aryl-14H-dibenzo[a,j]xanthene derivatives using sulfonic acid functionalized silica (SiO2-Pr-SO3H) under solvent free conditions  by Mohammadi Ziarani, G. et al.
Scientia Iranica C (2011) 18 (3), 453–457
Sharif University of Technology
Scientia Iranica
Transactions C: Chemistry and Chemical Engineering
www.sciencedirect.com
Research note
The one-pot synthesis of 14-aryl-14H-dibenzo[a,j]xanthene
derivatives using sulfonic acid functionalized silica (SiO2-Pr-SO3H)
under solvent free conditions
G. Mohammadi Ziarani a,∗, A.-R. Badiei b, M. Azizi a
aDepartment of Chemistry, Alzahra University, Tehran, P.O. Box 1993891176, Iran
b School of Chemistry, College of Science, University of Tehran, Tehran, P.O. Box 14155-6455, Iran
Received 6 September 2010; revised 16 November 2010; accepted 22 December 2010
KEYWORDS
14-aryl-14H-
dibenzo[a,j]xanthenes;
Sulfonic acid functionalized
silica;
Aldehyde;
β-naphtol;
One-pot reaction;
Solvent-free.
Abstract An efficient and simple method for the synthesis of biologically active 14-aryl-14H-dibenzo
[a,j]xanthenes has been achieved through a one-pot condensation of aryl aldehydes andβ-naphthol under
solvent-free conditions in the presence of Sulfonic acid functionalized silica (SiO2-Pr-SO3H), as an efficient
heterogeneous solid acid catalyst with excellent yields and short reaction time.
© 2011 Sharif University of Technology. Production and hosting by Elsevier B.V.
Open access under CC BY-NC-ND license.1. Introduction
The synthesis of xanthenes is important in organic synthesis
because of their wide range of biological and pharmaceutical
properties, such as agricultural bactericide activity [1], anti-
inflammatory [2] and antiviral activity [3]. They have also
been used for photodynamic therapy [4], used as dyes [5] and
fluorescent material for visualization of biomolecules [6] and in
laser technologies [7].
Many methods for the synthesis of xanthene derivatives
have been reported in the literature, including the reaction
of aryloxymagnesium halides with triethylorthoformate [8],
cyclodehydration [9], trapping of benzynes by phenols [10] and
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Open access under CC BY-NC-ND license.cyclocondensation between 2-hydroxy aromatic aldehydes and
2-tetralone [11].
However, many of these methods suffer from one or more
disadvantages, such as long reaction times, unsatisfactory
yields, harsh reaction conditions, the need for an excess of
reagents and catalysts, lack of easy availability or preparation
of the starting materials and the use of toxic organic solvents.
Therefore, it is important to develop more convenient methods
for the preparation of xanthene derivatives. Because of these
drawbacks, the synthesis of benzoxanthenes has been achieved
by the reaction of aldehydes with 2-naphthol by dehydration
in the presence of a catalyst, such as AcOH − H2SO4 [12], p-
TSA [13,14], sulfamic acid [15], molecular iodine [16], tungsten
heteropoly acid [17,18], silica sulfuric acid [19], amberlyst-
15 [20], wet cyanuric choloride [21], K5CoW12O40.3H2O [22],
acyclic acidic ionic liquids [23] and boric acid [24].
The increasing demand for clean and efficient chemical
reactions results in solvent-free reaction conditions, which are
of great current interest. Also, economic and environmental
concerns encourage the application of heterogeneous catalysts
to carry out various organic transformations. These catalysts
can conveniently be handled and removed from the reaction
mixture, making the experimental procedure simple and
ecofriendly. Therefore, performing an organic reaction using a
simple and efficient catalyst would be an ideal methodology,
if the catalyst shows high catalytic activity under solvent-
free conditions. Recently, sulfonic acid functionalized silica
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SiO2-Pr-SO3H.
Table 1: Solvent effect on the reaction of benzaldehyde and β-naphthol
catalyzed by SiO2-Pr-SO3H.
Entry Solvent Time (h) Yield (%)
1 EtOH 12 60
2 MeOH 12 75
3 MeCN 12 39
4 ClCH2CH2Cl 12 85
5 CHCl3 12 57
6 Solvent-free 35 min 97
(SiO2-Pr-SO3H), as a heterogeneous solid acid catalyst, has
been applied in the one pot synthesis of different biologically
active compounds [25–27]. In continuation of our studies on
the application of new acid catalysts in organic synthesis
[28–30] we had the opportunity to explore the catalytic activity
of SiO2-Pr-SO3H towards the synthesis of 14-aryl or alkyl-14H-
dibenzo[a,j]xanthenes under solvent free reaction conditions.2. Results and discussion
In this paper, the condensation of β-naphtol and various
aldehydes in the presence of a heterogeneous solid acid cata-
lyst of SiO2-Pr-SO3H for the preparation of 14-aryl or alkyl-14H-
dibenzo[a,j]xanthenes has been studied (Figure 1). We initially
investigated the catalytic activity of SiO2-Pr-SO3H in the syn-
thesis of benzoxanthenes under different reaction conditions.
The solvent effect in the condensation of benzaldehyde and
β-naphthol in the presence of sulfonic acid functionalized sil-
ica (SiO2-Pr-SO3H) as a model has been studied. As shown in
Table 1, among the tested solvents, such as ethanol, methanol,
CH3CN, 1,2-dichloroethane, CHCl3 and a solvent-free system,
the best result was obtained after 35 min under solvent-free
conditions in excellent yield (97%). Therefore, this reaction was
developed with other aldehydes, and the results are summa-
rized in Table 2. The time of reactionwaswithin 20-40min, and
high yields of 14-aryl or alkyl-14H-dibenzo[a,j]xanthenes were
obtained.
After completion of the reaction (monitored by TLC), the
crude product was dissolved in hot ethyl acetate, the heteroge-
neous solid catalystwas removed easily by simple filtration and,
after cooling of the filtrate, the pure crystals of products were
obtained. The acid catalyst can be reactivated by simple wash-
ing, subsequently, with a diluted acid solution, water and ace-
tone and then reused without noticeable loss of reactivity. The
new products were characterized by IR and NMR spectroscopy
data for new compounds. Melting points are comparedwith re-
ported values in literature.
The suggested mechanism for the SiO2-Pr-SO3H catalyzed
transformation is shown in Figure 2. Concerning the reactionFigure 2: Plausible mechanism.Table 2: SiO2-Pr-SO3H catalyzed the synthesis of 14-substituted-14H-dibenzo[a,j]xanthenes under solvent-free condition.
Entry Aldehyde Product Time (min) Yield (%) m.p. (°C) Ref.
1 Ph 3a 20 98 182-183 183 [31,32]
2 4-ClC6H4 3b 25 97 288–289 287-288 [31,33]
3 2, 4-Cl2C6H4 3c 30 98 254–255 253-255 [31]
4 2, 6-Cl2C6H4 3d 30 98 269–270 267-268 [34]
5 4-NO2C6H4 3e 40 98 311–312 311-312 [31,33]
6 3-NO2C6H4 3f 40 99 210–212 211 [31,33]
7 4-FC6H4 3g 20 99 239 238–239 [31,32]
8 3-CH3C6H4 3h 35 97 198 198 [35]
9 4-CH3C6H4 3i 35 97 227 221–228 [31,33]
10 3-OCH3C6H4 3j 30 98 174–176 –
11 4-OCH3C6H4 3k 30 98 204–205 204 [31]
12 4-OHC6H4 3l 35 97 139–141 140 [36]
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SiO2-Pr-SO3H.
Name Surface areaa
(m2/g)
Total pore
volume
(cm3/g)
Average poreb
diameter (nm)
SiO2 499 0.737 6.4
SiO2-Pr-SO3H 440 0.430 5.9
a The BET (Brunauer–Emmet–Teller) surface area.
b The average pore diameter was obtained by using the BJH (Barrett,
Joyner and Halenda) model.
mechanism, we suggest that, initially a carbocation be formed
and then aryl- or alkyl-methanebisnaphthols prepared, which
then undergo dehydration to give the final product.
Silica-based sulfonic acid, as an efficient heterogeneous
solid acid catalyst, can be prepared by simple operation from
commercially available cheap starting materials, such as sil-
ica. Acid sites can be incorporated into the silica surface
by both grafting and co-condensation methods [37–40]. At
first, the surface of the silica was functionalized and grafted
with (3-mercaptopropyl)trimethoxysilane (MPTS) and then the
thiol functionalities were oxidized into sulfonic acid groups
by hydrogen peroxide to obtain silica based sulfonic acid
(SiO2-Pr-SO3H) (Figure 3). The surface of the catalyst was an-
alyzed by different methods, such as TGA, BET and CHN, which
demonstrated that the organic groups (propyl sulfonic acid)
were immobilized into the pores [29].
The surface area (BET), pore volume and average pore diam-
eter (BJH) of SiO2-Pr-SO3H are 440 m2 g−1, 0.43 cm3 g−1 and
5.9 nm, respectively, which are smaller than SiO2 due to the im-
mobilization of organic groups (propyl sulfonic acid) into the
pores (Table 3).
The reaction of 4-chlorobenzaldehyde with β-naphthol has
been studied with several catalysts in literature (Table 4).
The present methodology offers several advantages, such as
excellent yields, a simple procedure, short reaction times, easy
synthesis, simple work-up and greener conditions, in contrast
with other existing methods.
3. Conclusion
In summary, a novel and highly efficientmethod for the syn-
thesis of 14-aryl-14H-dibenzo[a,j]xanthenes has been achieved
by the condensation reaction of twomol of 2-naphtholwith one
mol of aromatic aldehydes using the reusable and environmen-
tally benign sulfonic acid functionalized silica (SiO2-Pr-SO3H) as
a solid acid catalyst under solvent-free conditions. The attrac-
tive features of this protocol are simple procedure, short reac-
tion time, high yields, simple workup, reusability of the catalystFigure 3: Synthesis of sulfonic acid functionalized silica.
and non-chromatographic purification of products, i.e. simple
recrystallization from ethyl acetate. This approach could make
a valuable contribution to the existing processes in the field of
benzoxanthene synthesis.
4. Experimental section
IR spectrawere recorded fromKBr disks using a FT-IR Bruker
Tensor 27 instrument. Melting points were measured using the
capillary tube method with an electro thermal 9200 apparatus.
1H-NMR (250 MHz) was run on a Bruker DPX, 250 MHz
spectrometer. SiO2 was purchased from Merck, and its particle
size, surface area, and average pore diameter are, respectively,
2–5 mm, 499 m2/g and 6.4 nm.
4.1. Preparation of catalyst
Synthesis of 3-Mercaptopropylsilica (MPS) and its oxidation. To
20 g of SiO2 in dry toluene, 25 ml of (3-mercaptopropyl)
trimethoxysilane was added, and the reaction mixture was
heated at reflux for 24 h. After this period, the mixture was
filtered to obtain 3-mercaptopropylsilica (MPS), which was
washed with acetone and dried. 3-Mercaptopropylsilica (MPS)
was oxidized with H2O2 (excess) and one drop of H2SO4 in
methanol (20 ml) for 24 h at room temperature and then the
mixture was filtered and washed with H2O, and acetone to
obtain the SiO2-Pr-SO3H catalyst. The modified SiO2-Pr-SO3H
was dried and used as a solid acid catalyst in the organic
synthesis.
4.2. General procedure for the preparation of 14-aryl-14H-
dibenzo[a,j]xanthene derivates
At first, the catalyst (0.02 g) was activated in a vacuum at
100 °C and then after cooling to room temperature, a mixtureTable 4: Comparison of efficiency of various catalysts in synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes.
Entry Catalyst Condition Time (h) Yield (%) Ref.
1 H2SO4 AcOH/80 °C 73 60–90 [12]
2 p-Toluene sulfunic acid ClCH2CH2Cl/reflux 15–24 83–95 [13]
3 p-Toluene sulfonic acid Solvent-free/125 °C 2.5–6 80–96 [13]
4 Sulfamic acid Solvent-free/125 °C 6–12 90–95 [15]
5 I2 Solvent-free/125 °C 2.5–5 82–95 [16]
6 Silica sulfuric acid Solvent-free/80 °C 15–120 min 80–96 [19]
7 Amberlyst-15 Solvent-free/125 °C 0.5–2 80–94 [20]
8 Yb(OTf)3 [BPy]BF4/110 °C 5–7 80–95 [41]
9 Alum Water/100 °C 3–4 82–91 [42]
10 NaHSO4 Solvent-free/90 °C 0.5–1 74–91 [43]
11 Cellulose sulfuric acid Solvent-free/110 °C 1.5–3 h 81–97 [44]
12 SiO2-Pr-SO3H Solvent-free/125 °C 20–40 min 97–99 This work
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and stirred in a flask. The mixture was heated at 125 °C for
an appropriate period of time, as mentioned in Table 1. After
completion of the reaction (monitored by TLC), the reaction
mixture was cooled to room temperature. The crude product
was heated in ethyl acetate, and the catalyst was removed by
filtration. The pure product was obtained by cooling of the
filtrate. Some of the products are known compounds. New
compounds were characterized by IR and NMR spectroscopy.
Their melting points are compared with reported values in
literature. The catalyst could be washed subsequently with a
diluted acid solution, water and then acetone. After drying, it
can be reused without a noticeable loss of reactivity.
4.3. Spectral data of some representative compounds
14-phenyl-14H-dibenzo[a,j]xanthene 3a: White solid, IR
(KBr, cm−1): νmax = 3074, 3020, 2924, 1623, 1590, 1512, 1454,
1400, 1251, 1077, 961, 826, 802, 742 cm−1; 1H NMR (250 MHz,
CDCl3): δ = 6.48 (s, 1H, CH), 6.97 (t , J = 7.5 Hz, 1H, ArH), 7.13
(t , J = 7.5 Hz, 2H, ArH), 7.39 (t , J = 7.5 Hz, 2H, ArH), 7.45–7.59
(m, 6H, ArH), 7.79 (t , J = 8.5 Hz, 4H, ArH), 8.40 (d, J = 8.5 Hz,
2H, ArH) ppm.
14-(3-nitrophenyl)-14H-dibenzo[a,j]xanthene 3f: Yellow solid,
IR (KBr, cm−1): νmax = 3076, 2925, 1592, 1527, 1431, 1435,
1252, 812, 747 cm−1; 1H NMR (250 MHz, CDCl3): δ = 6.59 (s,
1H, CH), 7.25–7.86 (m, 13H, ArH), 8.28 (d, J = 7.5 Hz, 2H, ArH),
8.41 (s, 1H, ArH) ppm.
14-(3-methylphenyl)-14H-dibenzo[a,j]xanthene3h:White solid,
IR (KBr, cm−1): νmax = 3018, 2921, 1623, 1591, 1512, 1457,
1400, 1249, 960, 806, 806, 743 cm−1; 1H NMR (250 MHz,
CDCl3): δ = 2.14 (s, 3H, CH3), 6.42 (s, 1H, CH), 6.76 (d, J =
7.5 Hz, 1H, ArH), 7.03 (t , J = 7.5 Hz, 1H, ArH), 7.22–7.40 (m,
4H, ArH), 7.44 (d, J = 8.75 Hz, 2H, ArH), 7.55 (t , J = 7.5 Hz, 2H,
ArH), 7.74 (t , J = 10 Hz, 4H, ArH), 8.36 (d, J = 7.5 Hz, 2H, ArH)
ppm.
14-(3-methoxylphenyl)-14H-dibenzo[a,j]xanthene 3j: Pale pink
solid, IR (KBr, cm−1): νmax = 3068, 3014, 2932, 1583, 1454,
1430, 1399, 1248, 1048, 961, 808, 743 cm−1; 1HNMR (250MHz,
CDCl3): δ = 3.61 (s, 3H, OCH3), 6.45 (s, 1H, CH), 6.51 (dd,
J = 7.5Hz, 2H, ArH), 7.01–7.47 (m, 6H, ArH), 7.55 (t , J = 7.5Hz,
2H, ArH), 7.78 (t , J = 7.5 Hz, 4H, ArH), 8.39 (d, J = 7.5 Hz, 2H,
ArH) ppm.
Acknowledgments
We gratefully acknowledge financial support from the
Research Council of Alzahra University and Tehran University.
References
[1] Hideu, T. ‘‘Benzopyrano[2,3-b]xanthene derivatives’’, In Jpn. Tokkyo Koho
JP 56005480, Chem. Abstr., 95, p. 80922b (1981).
[2] Jamison, J.M., Krabill, K. and Hatwalkar, A. ‘‘Potentiation of the antiviral
activity of poly r(A − U) by xanthene dyes’’, Cell. Biol. Int. Rep., 14,
pp. 1075–1084 (1990).
[3] Ion, R.M., Frackowiak, D. andWiktorowicz, K. ‘‘The incorporation of various
porphyrins into blood cells measured via flow cytometry, absorption and
emission spectroscopy’’, Acta Biochim. Pol., 45, pp. 833–845 (1998).
[4] Poupelin, J.P., Saint-Ruf, G., Foussard-Blanpin, O., Narcisse, G., Uchida-
Emouf, G. and Lacroix, R. ‘‘Synthesis and antiinflammatory properties of
bis(2-hydroxy-1-naphthyl) methane derivatives’’, Eur. J. Med. Chem., 13,
pp. 67–71 (1978).
[5] Bhowmik, B.B. and Ganguly, P. ‘‘Photophysics of xanthene dyes in
surfactant solution’’, Spectrochim. Acta A, 61, pp. 1997–2003 (2005).[6] Knight, C.G. and Stephens, T. ‘‘Xanthene-dye-labelled phos-
phatidylethanolamines as probes of interfacial pH. Studies in phospholipid
vesicles’’, Biochem. J., 258, pp. 683–689 (1989).
[7] Sirkecioglu, O., Talinli, N. and Akar, A. ‘‘Synthesis of 14-alkyl-14H-
dibenzo[a,j]xanthenes’’, J. Chem. Res. (S), pp. 502–506 (1995).
[8] Casiraghi, G., Casnati, G., Catellam, M. and Cornia, M. ‘‘Regiospe-
cific reactions of phenol salts: reaction-pathways of alkylphenoxy-
magnesiumhalides with triethylorthoformate’’, Tedrahedron Lett., 14,
pp. 679–682 (1973).
[9] Bekaert, A., Andrieux, J. and Plat, M. ‘‘New total synthesis of bikaverin’’,
Tedrahedron Lett., 33, pp. 2805–2806 (1992).
[10] Knignt, D.W. and Little, P.B. ‘‘The first high-yielding benzyne cyclisation
using a phenolic nucleophic’’, Synlett., 10, pp. 1141–1143 (1998).
[11] Jha, A. and Beal, J. ‘‘Convenient synthesis of 12H-benzo[a]xanthenes from
2-tetralone’’, Tetrahedron Lett., 45, pp. 8999–9001 (2004).
[12] Sarma, R.J. and Baruah, J.B. ‘‘One step synthesis of dibenzoxanthenes’’,Dyes
Pigm., 65, pp. 91–92 (2005).
[13] Khosropour, A.R., Khodaei, M.M. and Moghannian, H. ‘‘A facile, simple
and convenient method for the synthesis of 14-alkyl or aryl-14-H-
dibenzo[a,j]xanthenes catalyzed by p-TSA in solution and solvent-free
conditions’’, Synlett., pp. 955–958 (2005).
[14] Khoramabadi-zad, A., Akbari, S.A., Shiri, A. and Veisi, H. ‘‘One-pot synthesis
of 14H-dibenzo[a,j]xanthene and its 14-substituted derivatives’’, J. Chem.
Res., pp. 277–279 (2005).
[15] Rajita, B., Sunil Kamar, B., Thirapathi Reddy, Y., Narimha Reddy, P. and
Sreenivasulu, N. ‘‘Sulfamic acid: a novel and efficient catalyst for the
synthesis of aryl-14H-dibenzo[a.j]xanthenes under conventional heating
and microwave irradiation’’, Tetrahedron Lett., 46, pp. 8691–8693 (2005).
[16] Das, B., Ravikanth, B., Ramu, R., Laxminarayana, K. and Rao, B.V.
‘‘Iodine catalyzed simple and efficient synthesis of 14-aryl or alkyl-14-H-
dibenzo[a,j]xanthenes’’, J. Mol. Catal. A: Chem., 225, pp. 74–77 (2006).
[17] MohammadpourAmini,M., Seyyedhamzeh,M. andBazgir, A. ‘‘Heteropoly-
acid: an efficient and eco-friendly catalyst for the synthesis of 14-aryl-
14H-dibenzo[a,j]xanthenes’’, Appl. Catal. A: General, 323, pp. 242–245
(2007).
[18] Heravi, M.M., Bakhtiari, K., Daroîgheha, Z. and Bamoharram, F.F.
‘‘Facile heteropolyacid-promoted synthesis of 14-substituted-14-H-
dibenzo[a,j]xanthene derivatives under solvent-free conditions’’, J. Mol.
Catal. A: Chem., 273, pp. 99–101 (2007).
[19] Seyyedhamzeh, M., Mirzaei, P. and Bazgir, A. ‘‘Solvent-free synthesis
of aryl-14H-dibenzo[a,j]xanthenes and 1,8-dioxo-octahydro-xanthenes
using silica sulfuric acid as catalyst’’, Dyes Pigm., 76, pp. 836–839 (2008).
[20] Ko, S. and Yao, C.-F. ‘‘Heterogeneous catalyst: Amberlyst-15 catalyzes the
synthesis of 14-substituted-14H-dibenzo[a,j]xanthenes under solvent-
free conditions’’, Tedraherdon Lett., 47, pp. 8827–8829 (2006).
[21] Bigdeli, M.A., Heravi, M.M. and Mahdavinia, G.H. ‘‘Wet cyanuric chloride
catalyzed simple and efficient synthesis of 14-aryl or alkyl-14-H-
dibenzo[a,j]xanthenes’’, Catal. Commun., 8, pp. 1595–1598 (2007).
[22] Nagrapu, L., Kantevari, S., Mahankhali, V.C. and Apuri, S. ‘‘Potassium do-
decatungstocobaltate trihydrate (K5CoW12O40.3H2O): amild and efficient
reusable catalyst for the synthesis of aryl-14H-dibenzo[a.j]xanthenes un-
der conventional heating and microwave irradiation’’, Catal. Commun., 8,
pp. 1173–1177 (2007).
[23] Fang, D. and Liu, Z.L. ‘‘Synthesis of 14-aryl-14H-dibenzo[a,j]xanthenes
catalyzed by acyclic acidic ionic liquids’’, J. Heterocyclic Chem., 47(3),
pp. 509–512 (2010).
[24] Karimi-Jaberi, Z. and Keshavarzi, M. ‘‘Efficient one-pot synthesis of 14-
substituted-14H-dibenzo[a,j]xanthenes using boric acid under solvent-
free conditions’’, Chin. Chem. Lett., 21(5), pp. 547–549 (2010).
[25] Karimi, B. and Khalkhali, M. ‘‘Solid silica-based sulfonic acid as an efficient
and recoverable interphase catalyst for selective tetrahydropyranylation
of alcohols and phenols’’, J. Mol. Catal. A: Chem., 232, pp. 113–117 (2005).
[26] Gupta, R., Paul, S. and Gupta, R. ‘‘Covalently anchored sulfonic acid onto
silica as an efficient and recoverable interphase catalyst for the synthesis of
3,4-dihydropyrimidinones/thiones’’, J. Mol. Catal. A: Chem., 266, pp. 50–54
(2007).
[27] Mahdavinia, G.H., Bigdeli, M.A. and Hayeniaz, Y.S. ‘‘Covalently an-
chored sulfonic acid on silica gel (SiO2-R-SO3H) as an efficient and
reusable heterogeneous catalyst for the one-pot synthesis of 1,8-dioxo-
octahydroxanthenes under solvent-free conditions’’’, Chin. Chem. Lett., 20,
pp. 539–541 (2009).
[28] Mohammadi Ziarani, G., Badiei, A. and Miralami, A. ‘‘A study of the
diastereoselectivity of diels-alder reactions on the Ce-SiO2 as support’’,
Bull. Korean Chem. Soc., 29, pp. 47–50 (2008).
[29] Mohammadi Ziarani, G., Badiei, A., Abbasi, A. and Farahani, Z. ‘‘Cross-aldol
condensation of cycloalkanones and aromatic aldehydes in the presence of
nanoporous silica-based sulfonic acid (SiO2-Pr-SO3H) under solvent free
conditions’’, Chin. J. Chem., 27, pp. 1537–1542 (2009).
[30] Mohammadi Ziarani, G., Badiei, A., Khaniania, Y. and Haddadpour, M.
‘‘One pot synthesis of polyhydroquinolines catalyzed by sulfonic acid
functionalized SBA-15 as a new nanoporous acid catalyst under solvent
free conditions’’, Iran. J. Chem. Chem. Eng., 29, pp. 1–10 (2010).
G. Mohammadi Ziarani et al. / Scientia Iranica, Transactions C: Chemistry and Chemical Engineering 18 (2011) 453–457 457[31] Mahdavinia, G.H., Rostamizadeh, S., Amani, A.M. and Zynab Emdadi,
Z. ‘‘Ultrasound-promoted greener synthesis of aryl-14-H-dibenzo[a,j]
xanthenes catalyzed by NH4H2PO4/SiO2 in water’’, Ultrason. Sonochem.,
16, pp. 7–10 (2009).
[32] Gong, K., Fang, D., Wang, H.-L., Zhou, X.-L. and Liu, Z.-L. ‘‘The one-pot
synthesis of 14-alkyl- or aryl-14H-dibenzo[a,j]xanthenes catalyzed by
task-specific ionic liquid’’, Dyes Pigm., 80, pp. 30–33 (2009).
[33] Mirjalili, B.B.F., Bamoniri, A. and Akbari, A. ‘‘BF3.SiO2: an efficient alter-
native for the synthesis of 14-aryl or alkyl-14H-dibenzo[a,j]xanthenes’’,
Tetrahedron Lett., 49, pp. 6454–6456 (2008).
[34] Kumari, P., Yathindranath, V. and Chauhan, S.M.S. ‘‘Facile and efficient
synthesis of 14-alkyl- or aryl-14-H-dibenzo[a,j]xanthenes using sulfonyl-
functionalized ionic liquids’’, Synth. Commun., 38, pp. 637–648 (2008).
[35] Pasha, M.A. and Jayashankara, V.P. ‘‘Molecular iodine catalyzed synthesis
of aryl-14H-dibenzo[a,j]xanthenes under solvent-free condition’’, Bioorg.
Med. Chem. Lett., 17, pp. 621–622 (2007).
[36] Madhav, J.V., Kuarm, B.S. and Rajitha, B. ‘‘Dipyridine cobalt chlo-
ride: a novel and efficient catalyst for the synthesis of 14-aryl-
14H-dibenzo[a.j]xanthenes under solvent-free conditions’’, ARKIVOC, 2,
pp. 204–209 (2008).
[37] Lim, M.H., Blanford, C.F. and Stein, A. ‘‘Synthesis of ordered microporous
silicates with organosulfur surface groups and their applications as solid
acid catalysts’’, Chem. Mater., 10, pp. 467–470 (1998).
[38] Wilson, K., Lee, A.F., Macquarrie, D.J. and Clark, J.H. ‘‘Structure and
reactivity of sol–gel sulphonic acid silicas’’, Appl. Catal. A: General, 228,
pp. 127–133 (2002).
[39] Van Rhijn, W.M., De Vos, D.E., Sels, B.F. and Bossaert, W.D. ‘‘Sulfonic
acid functionalised ordered mesoporous materials as catalysts for
condensation and esterification reactions’’, Chem. Commun., pp. 317–318
(1998).
[40] Van Rhijn, W.M., DeVos, D., Bossaert, W.D., Bullen, J., Wouters, B.,
Grobet, P.J. and Jacobs, P.A. ‘‘Sulfonic acid bearing mesoporous materials
as catalysts in furan and polyol derivatization’’, Stud. Surf. Sci. Catal., 117,
pp. 183–190 (1998).
[41] Su, W., Yang, D. and Bo Zhang, C.J. ‘‘Yb(OTf)3 catalyzed condensation
reaction of β naphthol and aldehyde in ionic liquids: a green synthesis
of aryl-14H-dibenzo[a,j]xanthenes’’, Tetrahedron Lett., 49, pp. 3391–3394
(2008).
[42] Dabiri, M., Baghbanzadeh, M., Shakouri Nikcheh, M. and Arzroomchilar, E.
‘‘Eco-friendly and efficient one-pot synthesis of alkyl- or aryl-14H-
dibenzo[a,j]xanthenes in water’’, Bioorg. Med. Chem. Lett., 18, pp. 436–438
(2008).[43] Karimi, J.Z. and Hashemi, M.M. ‘‘One step synthesis of 14-alkyl- or aryl-
14H dibenzo[a,j]xanthenes using sodium hydrogen sulfate as catalyst’’,
Monatsh Chem., 139, pp. 605–608 (2008).
[44] Madhav, J.V., Reddy, V.T., Reddy, P.N., Reddy, M.N., Kuarm, S., Crooks, P.A.
and Rajitha, B. ‘‘Cellulose sulfuric acid: an efficient biodegradable and
recyclable solid acid catalyst for the one-pot synthesis of aryl-14H-
dibenzo[a.j]xanthenes under solvent-free conditions’’, J. Mol. Catal. A:
Chem., 304, pp. 85–87 (2009).
Ghodsi Mohammadi Ziarani was born in Iran, in 1964. She received her
B.S. and M.S. Degrees in Chemistry and Organic Chemistry from the Teacher
Training University, Tehran, Iran, in 1987 and 1991, respectively, with Professor
Jafar Asgarin and Mohammad Ali Bigdeli. She obtained her Ph.D. Degree
in Asymmetric Synthesis (Biotransformation) from Laval University, Quebec,
Canada, with Professor Chenevert, in 2000. She is Associate Professor in the
Science Faculty of Alzahra University. Her research interests include: Organic
Synthesis, Asymmetric Synthesis, Synthesis of Natural Products, Study of
Methodology in Organic Chemistry, and Application of Nanocatalysts in One Pot
Reactions under Solvent-Free Conditions.
Alireza Badiei was born in Iran, in 1965. He received his B.S. and M.S.
Degrees in Chemistry and Inorganic Chemistry from the Teacher Training
University, Tehran, Iran, in 1988 and 1991, respectively, with Professor Hossein
Aghabozorg. He obtained his Ph.D. Degree in Synthesis and Modification of
Nanoporous Materials from Laval University, Quebec, Canada with Professor
Laurent Bonnoviot in 2000. He is Associate Professor in the Chemistry
Faculty of Tehran University. His research interests include: Nanoporous
Materials Synthesis, Modification of Nanoporous Materials and Application of
Nanocatalysts in Synthesis of Biological Active Compounds.
Masoomeh Azizi was born in Iran, in 1980. She received her B.S. Degree in
Chemistry from Mashhad Azad University, Iran, in 2003, and her M.S. Degree
in Organic Chemistry from Alzahra University, Iran, with Professor Ghodsi
Mohammadi Ziarani, in 2009. Her research includes: Study of Methodology in
Organic Chemistry, Applications of Nanocatalysts and Solvent-Free Conditions
in Organic Synthesis.
